Water as a structural element in a channel: gating in the Kcsa channel, and implications for voltage-gated ion channels.
Water is becoming understood as a structural element in proteins. Here we are concerned with one particular type of protein, ion channels. The S. Lividans KcsA K(+) channel, the X-ray structure of which is known, is gated by protons (i.e, by a drop in pH). Ab initio calculations suggest that an H(5)O(2) group, partially charged, connects the E118 residues in the gating region, when the four residues have a -2 net charge, but that the hydrogen bonding is not strong enough to do this when the charge becomes -1. The H(5)O(2) group would block the channel, in the -2 state, and prevent motion of the four transmembrane (TM) segments of the protein, by binding them. With the weaker bond in the -1 state, the TM segments would be able to separate (as they have been found to do experimentally, opening the channel. Voltage gated channels have four additional TM segments for each of the four domains of the channel protein. These appear to allow motion of protons; in fact there is evidence that the initial step in gating must be the transfer of a proton. We have earlier shown that the transfer of a single proton between two methylamines under the influence of a field is possible, as proton tunneling. Subsequent steps are hypothesized to result from four proton transfer cascades of about three protons each, triggered by the initial proton transfer. We suggest that the extra 4 TM segments of the voltage gated channel act as a voltage to proton-current transducer. Water, held by hydrogen bonds, is also suggested as the source of the accessibility data found with MTS reagents, based largely on simulations, our earlier Monte Carlo simulations as well as molecular dynamics studies reported by others. These waters may also play a structural role in the protein.